By the end of the 19th century, the stethoscope was in regular use by family physicians. The original one-piece Laënnec pattern stethoscope had been replaced by more flexible monaural devices and these persisted in use for many years; however binaural stethoscopes began to be more widely used.
The first binaural stethoscope, designed by Irishman Nicholas Comins in 1829, consisted of a series of brass tubes connected by movable joints with coiled silk placed within the joints to provide an airtight seal 1 . The first commercial binaural stethoscopes appeared in the 1850s, with that designed by Dr George Cammann of New York proving to be the most versatile 2 . His original 1852 model was made with ivory earpieces connected to two curved metal tubes, held together by a metal hinge joint. An elastic band was used to maintain tension between the metal tubes, thus enabling the earpieces to stay in place in the examiner's ears. The two tubes were connected by a spiral tube covered by wound silk, converging into a hollow ball to which was attached a conicalshaped bell chest-piece.
Like all of the stethoscopes of the time, the conical bell was attached directly to the confluence of the two short flexible tubes, making it necessary for the physician to lean close to the point of auscultation. A monaural stethoscope with a longer flexible tube of cloth-covered spiral wire had been developed in 1832 3 , but it was not until the 1890s that stethoscopes with longer flexible rubber tubes became available. The 'Ford's Bell' 4 chest piece was invented in 1885 and became a common feature of many designs well into the 20th century. The Ford's Bell is a slim cone, usually of metal, with an ebony, ivory, wood or gutta-percha base to avoid the cold of the metal when placed on the patient's skin. At the apex of the cone, two tubes lead directly to the long rubber tubes and earpieces.
The shape and lack of flexibility had, up to this time, made the use of stethoscopes impractical during anaesthesia -the anaesthetist's hands were busy occupied with holding a mask and bottle.
The invention of the Phonendoscope in 1894 by Florentines Eugenio Bazzi and Aurelio Bianchi, led to the introduction of a stethoscope bell with a flatter profile 3, 4 . The Phonendoscope consisted of a solid circular metal chest piece, about 6 cm in diameter and 2 cm thick. One face has a shallow depression, covered by a diaphragm membrane, tensioned by a weak spring. The hollow space leads directly to two tubes leading through the body of the chest piece to connect to the flexible rubber tubes and earpieces. The face of the device is covered by a hard rubber plate. They claimed that soft sounds were made more audible 5 .
In contrast to the approach of Cammann who never patented his stethoscope, believing it should be freely available, Bazzi and Bianchi patented the Phonendoscope in many countries. In addition to promoting the instrument in lectures, the publication of the latter lectures in bookform by the sole US distributors prompted a comment by a reviewer "Truly, the spirit of commercialism is making inroads upon the traditions of medicine, and the teaching 'Freely ye have received, freely give' is being forgotten" 6 . Modifications of the Phonendoscope included means of altering the tension on the diaphragm, to enable better amplification of different frequencies of sound.
The first description of the use of the stethoscope during anaesthesia appears to be that by Kirk at the Glasgow Western Infirmary in 1896. He began by using an ordinary binaural stethoscope with a Ford's type bell, but soon substituted a Phonendoscope 7 .
The next reference to such monitoring is by the renowned surgeon, Harvey Cushing, who wrote "We have, of late, in all our cerebral operations followed the custom of having the etherizer constantly auscultate the heart. This is accomplished by strapping the transmitter of a phonendoscope to the precordium. From this a long tube passes to the aural receiver which is held against the auricle. This is much more satisfactory than the usual supervision of cardiac action by the occasional palpation of the pulse for which a hand must be disengaged." 8 In 1924, Evan Kane of Pennsylvania described the use of a precordial stethoscope with binaural attachments for both surgeon and anaesthetist 9 . He wrote, "The anaesthetists should have the instrument applied to both ears as it is inadvisable to have their attention diverted to external sounds".
No more was written in regard to auscultation during anaesthesia for the next 30 years and the use of a stethoscope was not mentioned in any textbook of the period. Knight and Tarrow included the stethoscope among essential equipment in a chapter entitled "Management of the Anaesthesia" in 1955 and it has been included as a recommended monitor in virtually every anaesthesia textbook since.
The oesophageal stethoscope was first described in 1893 by Solis-Cohen 3 . It consisted of a hollow rubber oesophageal tube connected to a rubber capsule that contained a diaphragm of "goldbeaters' skin" to prevent gastric contents passing up the tube. The capsule was then connected to a binaural earpiece system. It was to be 60 years before a description appeared of the use of the oesophageal stethoscope during anaesthesia. Code Smith from the Hospital for Sick Children in Toronto described his device in 1954. He replaced the normal stethoscope bell with a rubber urethral catheter incorporating a single hole near the tip. He then covered the end of the catheter with a sleeve of thin surgical drain. "Following induction and intubation, the lubricated catheter is gently inserted into the oesophagus. By gentle rotation and an adjustment of catheter depth the point of maximal intensity of heart sounds, murmurs or breath sounds may be determined." 10 R. N. WESTHORPE, C. BALL, Geoffrey Kaye Museum of Anaesthetic History
